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which the different food-stuffs are mechanically treated by the alimentary canal might suggest the mechanisms by which the movements are controlled.
The purpose of the following investigation, therefore, was primarily to study the mechanical treatment of the various food-stuffs in the stomach and small intestine.
This study was to include the rate of gastric peristalsis and of rhythmic segmentation in the small intestine, and such important matters as the time-interval between eating and the first passage of food from the stomach, the rate at which the stomach empties, and the time required for traversing the small intestine.
It was also desirable to know how these processes might be affected by altering the conditions, as, for example, by mixing different kinds of food-stuffs, and by changing their amount. In order to serve for a study of this nature the method should be as simple and exact as possible, and it should not interfere with the process of digestion or with the course of the food through the digestive canal.
THE METHOD.
Among the first essentials for simplicity of method in a study of the agencies controlling the mechanical activities of the stomach and intestines is the employment of food-stuffs as purely proteid, fat, or carbohydrate as possible. Such foods were used in this investigation. Boiled beef free from fat, boiled haddock, and the white meat of fowl are examples of proteids which were fed; beef suet, mutton and pork fat are representatives of the fats; starch paste, boiled rice, and boiled potatoes, of the carbohydrates.
The foods were invariably given in uniform amount, 25 c.c. They were always finely shredded or pressed in a mortar, and were moistened with sufficient water to produce, as nearly as could be judged by the eye and by manipulation, the uniform consistency of thick mush. Before the food was fed to the animals, it was mixed with 5 grams of subnitrate of bismuth. A comparison of subnitrate of bismuth with other insoluble heavy salts has shown that it has no peculiar effects on the movements of the alimentary canal ; and also clinical studies by Schule ' have proved that the addition of subnitrate of bismuth to food does not interfere with normal gastric motility. In all cases full-grown cats, deprived of food for the twenty-four or thirty hours previous to the experiment, served for the observations. The animals were either permitted to eat voluntarily from a dish, or were placed on the holder and were fed from a spoon, usually with little or no difficulty.
The animals thus fed with food mixed with bismuth subnitrate were exposed to the X-rays and, without disturbing the processes of digestion, the movements of the food in the stomach and small intestine were observed by That the results cast on a fluorescent screen.
s of the shadows red were not due secu to individual peculiarities of the cats was proved by using the same cat repeatedly with different food-stuffs, and finding the results characteristic of the food, and not peculiar to the cat. Animals once used were not used again within three days.
FIGURE 1. -Tracings of the shadows of the contents of the stomach and intestine, made two hours after feeding boiled lean beef (A) and boiled rice (B) .
The aggregate length of the shadows of the intestinal contents in A was 20 ems., in B, 43 ems. The small divisions of the food in some of the loops represent the process of rhythmic segmentation.
One-third original size.
The observations were recorded at regular intervals, -one-half hour, one hour, and then every hour for seven hours after the feeding.
The records consisted of outlines of the shadows traced on transparent tissue paper laid over tke fluorescent surface. If in any case there was doubt that all the shadows had been recorded, an electric light was Hashed momentarily on the tracing before it was removed from the screen, and thus the outlines drawn on the paper were compared with the shadows cast by the intestinal contents, and the outlines verified.
Inasmuch as the diameter of the small intestine varies only slightly (see Fig. I ), the area of cross-section of the contents may be disregarded, and the aggregate Zetzgth of the shadows of the contents of the small intestine may be taken to indicate the amount of food present.
By comparin, u the aggregate lengths of these shadows it is possible to determine the relative amounts of food in the intestine at different times after feeding, as well as the relative amounts of different foods in the intestine in different cases at the same time after feeding.
For example, in the original tracings, represented in Fig. I , the amount of proteid in the intestine two hours after feeding, indicated by the aggregate length of the masses, was 20 centimetres; and the amount of carbohydrate, similarly indicated, was 43 centimetres.
By this method the observer, without interrupting or interfering with the course of digestion, can know when food first leaves the stomach, the rate at which different food-stuffs are discharged into the intestine, the interval till food first appears in the large intestine, and the mechanical treatment which the food receives as it passes through the canal.
The method has obvious defects. The loops of intestine are not always parallel to the screen, and the loops not parallel may not always make the same angles with the screen ; the shadows cast by contents of the loops would therefore be variously foreshortened.
In extenuation of this defect, it may be said that the animals were stretched on their backs, and that the ventral abdominal wall was flattened against the back, both by the stretching and by the pressure of the fluorescent screen ; the loops must therefore have been nearly parallel to the screen, except at possible short dorso-ventral turns from one loop to another.
That the foreshortening of the shadows in the loops and turns was not a serious source of error was repeatedly proved by tracings made before and after a rearrangement of the loops by massage of the abdomen ; the tracings showed only slight variations in the aggregate length of the shadows.
Another possible defect of the method arises from the chance of such overlapping of the loops that two masses of food or parts oE two masses may cast a single shadow.
Care was invariably taken to obviate this error by pressing apart with the fingers loops lying close together.
A further criticism of the method suggests itself, -that the bismuth subnitrate and the food may separate, and that the shadows may then be misleading.
Several animals were fed the three different kinds of food, and were killed at intervals from two to six hours after the feeding. The intestinal mucosa was remarkably free from any ,perceptible separate deposits of the heavy powder, and the well-limited masses of material scattered at intervals along the gut were mixtures of sub-
The Passage of Food-StugjTs from the Stomach. 39 I nitrate of bismuth and the food. Naturally, with the digestion of a part of the food and with the constant interchange of fluids between the intestinal mucosa and the food-remnant in its movement onward, the relation of the bismuth subnitrate to the remnant must vary; but examination proved that the remnant does not become fluid to a degree which prevents it from being a vehicle of transmission for the bismuth salt, nor, on the other hand, does the percentage of bismuth fall until it no longer indicates the presence of alimentary material. It is clear that the changes in the relation of the bismuth subnitrate to the food, on account of absorption of the food or secretion of digestive fluids, are much less in the early stages of intestinal digestion, when no absorption and but little digestive alteration have taken place, than they are later.
The application of the method to the determination of the rate of discharge through the pylorus is therefore justified only in the first two or three hours of digestion before much absorption has occurred.
Other minor faults of the method are to be found in the variations in the thickness of the food-masses at different times, and in the individual rates of absorption for the different foods.
These defects, however, must be regarded, especially in the early stages of intestinal digestion, as relatively slight, compared with the great and characteristic differences in the amounts of food present in the intestine when carbohydrates, fats, and proteids are separately fed. In securing data in this research about 1200 observations were made on 150 cases. A few of these cases have not been reported because they were evidently pathological, -the animals were afflicted with coryza and conjunctivitis, and almost no food left the stomach for at least seven hours; other cases have not been reported, because they were preliminary and did not afford data for the regular times selected for the observations. Furthermore, the desirability of a uniform number of cases, for comparing different conditions, required, at the time the results were collated, either the exclusion of the cases in excess of the smallest number for any condition, or many more observations to bring the smaller up to the larger numbers. The rate of gastric peristalsis.
--In observations made on the stomach in 1897 1 I noted that the peristalsis of' the stomach was to be seen whenever an animal was examined during gastric digestion, and I inferred that peristaltic waves are running continuously throughout the entire digestive period.
All observations made since have supported that inference, -so long as food remains in the stomach the waves, ever-recurring, sweep slowly, one after another, from the middle of the stomach to the pylorus.
The rate of peristalsis noted when bread and milk were fed was stated as 6 waves per minute; a new contraction would thus appear every ten seconds. A considerably slower rate of peristalsis (4 waves per minute), noticed after feeding a fat, suggested that there might be characteristic rates for the different food-stuffs. Observations at different intervals after feeding were therefore made on various animals which had been fed various kinds of foods, and the following results secured : The average rate of peristalsis with the separate food-stuffs differs concomitantly with the rate most frequently observed, but the difference is relatively so slight, and the variation with any given food so great, as to make it improbable that each food-stuff has a characteristic rate.
The variation during a period of digestion suggested in some cases a slowing of peristalsis as time passed.
The following examples, however, showing the number of waves per minute at different times after feeding diverent foods, prove that no general statement can safely be ventured. It will be shown later that, when given in fairly pure forms carbohydrates leave the stomach first, proteids next, and fats slowest of all. The figures presented in this section show that the average rates of peristalsis follow this same order, -carbohydrates most rapid, proteids next, and fats slowest.
The differences, however, are SO slight that the slower rate does not compensate for the greater duration of stay in the stomach.
When equal amounts of carbohydrate, proteid, or fat food are given, a much larger number of peristaltic waves, therefore a much greater expenditure of energy in muscular contraction, is required by the proteids and fats than by the carbohydrates, before the stomach is emptied.
The rate of discharge from the stomach.
--Tables of the " digestibility " of foods, as indicated by the time during which the various foods remain in the stomach, have long been published. Beaumont1 made such a table from his observations on Alexis St. Martin, and more recently Leube,2 and Penzoldt 3 and his pupils have studied, by means of the stomach tube, the duration of the gastric digestion of various foods, and tabulated their findings.
The use of these figures to judge the rate at which the stomach is emptied is open to criticism. First, the observations were made either on a pathological subject or on one whose digestion was interrupted by the introduction of a stomach tube. The results, furthermore, express merely the time when the stomach was found empty; they give no hint as to the moment when food first passed the pylorus, or as to the amounts, large or small, which entered the intestine at any stage during digestion. Also, if comparisons are to be made, it is obviously necessary to note the amount of food given. Beaumont's records indicate frequent inattention to this factor, and Leube's observations And these investigators did not consider in their comparisons the consistency of the food, a factor which Moritzl has rightly noted as important.
Moreover, the endeavor of these investigators was to learn the manner in which ordinary articles of diet were treated in the stomach, -the simplification of the conditions by the use of fairly pure food-stuffs they did not much regard. The research here reported was an attempt to learn how different food-stuffs, other factors being as nearly as possible the same, would be acted on mechanically by the stomach and small intestine. It was the intention also to discover, if possible, the agents determining the difference in treatment.
Fairly pure food-stuffs, therefore, were administered; they were given in uniform amount; they were, as nearly as could be judged by the eye and by manipulation, uniform cm. in consistency. It is to be remembered that the results here stated are significant for the emptying of the stomach chiefly in the early stages of intestinal digestion, before much absorption has taken place.
I. Rate of discharge of fats* -In selecting the fats for this investigation, it was necessary to pay particular attention to the differences in the consistency of the fat at different temperatures. A fat of proper consistency at room-temperature might be much too fluid at body-temperature.
Care was taken to choose fats or fatty tissues which, when mixed with subnitrate of bismuth, presented at bodytemperature about the same degree of viscosity as the carbohydrate and proteid preparations.
The rate at which fats leave the stomach may be seen in the following average figures, representing in centimetres the aggregate The amount of variation observed in different animals when the same food (mutton tallow) was given, is illustrated in the following figures : These tables and the accompanying curve of the fat-content of the small intestine (Fig. z) , plotted from the average figures of the sixteen cases of fat-feeding above reported, show that the emergence of fat from the stomach begins rather slowly, -in eight of the sixteen cases, indeed, it did not occur at all during the first half-hour of digestion, -and continues at such a slow rate that there is never any great accumulation of fat in the small intestine. Fats almost invariably are present in the stomach during the seven hours of observation ; in one case an animal was killed six hours after receiving 25 C.C. of mutton fat, and about I I C.C. of the food had not yet entered the intestine.
The long, low curve, therefore, is the char-acteristic curve for fats. It indicates a discharge from the stomach at nearly the same rate at which the fat leaves the small intestine by absorption and by passage into the large intestine.
Zawilski,l in 1876, while studying the duration of the fat-stream through the thoracic duct, was impressed by the length of time necessary to complete the absorption of fat. His examination of three animals killed at different intervals after feeding fat mixed with other food, showed that about IOO of the 150 grams of fat were in the stomach after five hours of digestion, and even after twenty-one hours about IO grams were still there.
In the small intestine, on the other hand, the variation in amount was only slight: about IO vrams were found at five hours, and about 6 grams at twenty-one b hours.
Frank,2 also, in investigating the absorption of fatty acids, noted in six animals that the fat stayed long in the stomach, and that in the small intestine a fairly uniform amount of fat was present at various times.
Matthes and Marquadsen 3 have confirmed Zawilski and Frank, but their observations, like the previous observations, were incidental to another investigation, The evidence that fats are retained long in the stomach is meagre, but the testimony of different observers is thus far harmonious.
Recently, however, Strauss 4 has denied that fats remain exceptionally long in the human stomach. But Strauss's methods are hardly comparable with the methods used by previous investigators.
One hundred grams of butter and I litre of milk containing g per cent fat sufficed for the fat of the diet, but this was given with almost 600 grams of other food and 1700 C.C. of other drink.
The observations were few, and on only one patient.
It is clear that the results tabulated above agree with and amplify the less complete evidence offered by Zawilslci, Frank, and Matthes and Marquadsen.
The long delay of fat in its passage through the alimentary canal is in the stomach. Fat passes from the stomach about as rapidly as the small intestine disposes of it; as a rule, therefore, the amount of fat in the small intestine is fairly constant in quantity and relatively slight in amount. The following figures illustrate the degree of variation observed when the same food (mashed potato 2, was fed to different animals : In the accompanying curve, Fig. 3 , plotted from the average figures for carbohydrates, the content of the small intestine at regular intervals after feeding is represented graphically.
In my first observations on the movements of the stomach, bread was used to feed the animals, and I noted that this food appeared in the duodenum 1 Glucose also was tried, but proved by itself to be such a violent stimulus to the motor activities of the alimentary canal that its use was not continued. 398 IV? B. CamoPz. within ten or fifteen minutes after feeding.'
The tables and the curve for carbohydrates show that this early emergence of the starchy food from the stomach is followed by an abundant discharge.
In a half-hour the amount present has almost equalled the maximum for fats, and at the end of an hour that amount has more than doubled. The abrupt, high rise of the curve to a maximum at the end of two hours indicates the rapidity of the rate of discharge.
And as the stomach is usually empty about three hours after feeding carbo- hydrates, the slow fall in the curve during the last four hours records the gradual departure of the food from the small intestine through the absorbing wall and into the colon. Carbohydrates, therefore, begin to be discharged early from the stomach (ten or fifteen minutes after the food is swallowed), and the discharge is so rapid and abundant that the stomach is emptied in about three hours. The small intestine consequently receives a large amount in a relatively short time, and must be the restingplace for much of this food for a considerable period, for the passage of carbohydrates from the small intestine is usually slow and gradual.
3. Rate of discharge of proteids. -The rate at which various proteid foods pass from the stomach is indicated in the following average figures, which represent in centimetres the aggregate length of the food-masses in the small intestine at regular times after feeding : A series of observations was made also with egg-albumin. The unchanged albumin, 25 cc., mixed with 5 grams of subnitrate of bismuth and 3 grams of lycopodium spores (to offer a vehicle for the bismuth if the albumin should be absorbed) was first fed. The food passed from the stomach at the carbohydrate, not at the proteid rate. It seemed possible that the great rapidity of exit from the stomach might be due to the fluid state of the food, but when the same mixture of albumin, spores, and bismuth subnitrate was heated to a thick, jelly-like consistency, the rate of discharge was not diminished?
In the following table the first two cases were unchanged eggalbumin ; the second two, egg-albumin coagulated by heat:
Hours after feeding . . . Comparison of these average figures with the averages of other proteids and of the carbohydrates, proves at once that egg-albumin is 1 There is a marked discrepancy between these results and the statement made by ROUX and BALTHAZAKD (Archives de physiologie, 1898, p. 91) that in the dog coagulated egg-albumin did not begin to leave the stomach for about three hours after feeding. Never have I seen so long a delay except in animals that were manifestly not in good health. Here again the figures are like those from carbohydrates, not like those from proteids; but in this case the "gluten " was found to consist very largely of starch.
No such explanation is at hand for the difference between the usual proteid averages and the averages for albumins, and any explanation of the differences between the mechanical treatment of proteids and of carbohydrates must take this exceptional treatment of albumin into consideration.
As an indication of the variation observed when the same food (boiled lean beef) is fed to different animals, the following figures are presented :
Hours after feeding . . . Comparison of these average figures with the figures for the different proteids reveals a remarkable similarity during the first two hours of digestion. The striking feature of this part of the proteid curve (Fig. 4) is its very slow rise.
In nine of the sixteen cases no food had left the stomach at the end of the first half-hour, and in eight cases the small intestine had not received at the end of an hour more than 4 centimetres of food. Some of the food usually remains in the stomach for about six hours ; the fall in the curve, therefore, represents, as in the case of the fats, the resultant of the outflow from the stomach and of the departure The main portion of a diet is more likely to be composed of carbohydrates or proteids or of the two combined than of fats alone. To digest a diet consisting chiefly or even largely of fat is an unusual task for the digestive apparatus.
The mechanical treatment of carbohydrates and proteids is, therefore, of more importance practically than the treatment of the fats ; and the fact: that the stomach is more habituated to the presence of carbo- hydrates and proteids in large amounts makes a consideration of the differences in the manner in which these foods are treated of greater significance than a comparison involving the fats. The curves indicating the carbohydrate and proteid rapidity of discharge from the stomach are strikingly different.
At the end of a half-hour eight times as much carbohydrate as proteid has left the stomach; at the end of an hour more than five times as much, and even at the end of two hours, after much carbohydrate food has in all probability been absorbed, considerably more than twice as much carbohydrate as proteid is present in the small intestine (see Fig. I )?
This remarkable difference between the carbohydrate and the proteid rapidity of departure from the stomach assumes special significance when the action of the gastric juice on these two foodstuffs is considered. That the carbohydrates, which are not digested l It should be remembered that these comparisons are comparisons of average figures ; commonly at the end of a half-hour, and sometimes at the end of an hour the stomach has not released any of its proteid content.
Under normal conditions carbohydrates are never thus retained.
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by the gastric juice, should begin to leave the stomach soon after being swallowed, and should pass out rapidly into a region where they are digested, while the proteids, which are digested by the gastric juice, should be retained in the stomach for a half-hour, and frequently for an hour, without being discharged in any considerable amount, indicates the presence of an important digestive mechanism.
With the purpose of securing further evidence as to the action of this probable mechanism, various combinations of food-stuffs were fed, and the rate of passage from the stomach studied by the method already described.
THE TREATMENT OF COMBINATIONS OF FOOD-STUFFS BY THE
STOMACH.
Effect of feeding carbohydrate first, proteid second.
-When different kinds of foods are fed one after another, the first food swallowed fills the antrum pylori and lies along the greater curvature of the stomach, and the later food lies along the lesser curvature and fills the cardiac end? Thus if carbohydrates are fed first and proteids second, the carbohydrates are in contact with the pylorus and predominate in the pyloric end of the stomach, while the proteids are found chiefly in the fundus. Does the presence of proteids in the fundus of the stomach retard the exit of carbohydrates lying near the pylorus?
To answer this question, about 12.5 C.C. of crackers and water, mixed with 2.5 grams of subnitrate of bismuth, were fed, and then about 12.5 C.C. of boiled lean beef with 2.5 grams of subnitrate of bismuth.
The following results were obtained in four such cases :
Hours after feeding . . . Comparison of these figures with the average figures for crackers and water (see p. 3g7), and for boiled lean beef (see p. jgg), proves that the presence of proteids in the cardiac end of the stomach and along the lesser curvature does not materially check the departure of the carbohydrate food lying at the pylorus.
Effect of feeding proteid firat, carbohydrate second.
-The converse of the relations described in the foregoing paragraph is observed when proteid is fed first, and carbohydrate second. The proteid is then at the pylorus, and the carbohydrate rests chiefly in the fundus of the stomach.
Under these circumstances does the presence of the proteid near the pylorus retard the natural early exit of the carbohydrate?
To answer this question about 12.5 C.C. of boiled and shredded lean beef with 2.5 grams of bismuth subnitrate were fed, and this was followed by the same amount of moistened crackers with 2.5 grams of b ismuth subnitrate.
The following results were obtained in four such cases:
Hours after feeding . . . The nearness of these figures to the average figures for boiled lean beef during the first four hours should be noted.
And the rate of discharge when carbohydrates are fed first should be compared with the rate when proteids are fed first (Fig. 5) . When the crackers are first at the pylorus, the discharge for two hours is almost as rapid as when crackers alone are given. At the end of two hours, however, the curve ceases to follow the normal curve for crackers,-there is a checking of the outgo from the stomach, which is most reasonably explained by assuming that the beef has by that time come to the pylorus in considerable amount, and is as usual passing out slowly.
On the other hand, when the beef is first at the pylorus, the curve is in close approximation to the normal curve for beef during the first four hours, and after that time, as the crackers come to the pylorus in greater amount, the curve continues to rise, while the curve for beef falls. At no time during the first three hours is there half as much food in the small intestine as when crackers alone are fed. It is evident that the presence of proteid near the pylorus distinctly retards the onward passage of carbohydrate food lying in the cardiac end of the stomach.
It is noteworthy that when proteid was given first the stomach still contained considerable food even six hours after feeding, - On the other hand, when carbohydrates were fed first, the food was last observed in the stomach at the end of four hours.
When the proteid was fed second, therefore, the food was retained in the stomach only about an hour longer than the carbohydrates alone. When one considers the ease with which carbohydrate fermentation may proceed in the cardiac end of the stomach, unchecked for a long time by any acid fluid,l the desirability of avoiding such a stasis of the carbohydrate food in the fundus as occurs when proteids lie near the pylorus, becomes at once apparent. Two rational courses seem to be open : either the carbohydrate food should be eaten first, and the proteid second, if the two are taken separately at a meal; or, in case the proteid is eaten first, the carbohydrate should be very carefully chewed.
The chewing mixes saliva with the starchy food, and the food is thereby changed in the cardiac end of the stomach either into sugar, which as a fluid flows downward toward the pylorus, or into dextrin, which undergoes fermentation with difficulty or not at all. fats, and proteids were mixed in equal parts to make ~5 C.C. of food, and this mixture, with 5 grams of subnitrate of bismuth, was fed, and the results recorded in the manner already described. 1 That there is more of mixed haddock and potato than of potato alone in the small intestine at the end of three hours is undoubtedly due to the fact that the mixed food passed into the colon one hour later than the potato.
That the amount of mixed crackers and lean beef in the small intestine is less than the lean beef alone after three hours is explained by the appearance of the mixed food in the large intestine two hours earlier than the beef appears there when fed by itself. The table on the preceding page presents the results. In Fig. 6 will be found a comparison between the rate of discharge of the mixed foods, and of the same foods fed separately : in (A) are the curves for crackers (heavy line), and lean beef (light line), and for mixed crackers and beef (dotted line) ; in (B) are the curves for mashed potato (heavy line), boiled haddock (light line), and mixed potato and haddock (dotted line).
Only the changes during the first three hours are taken for consideration, since they are most OIL Hours 4 1 2 3 l 1 2 3 ~FIGURE 6. -In (A) the average aggregate length of the food-masses in the small intestine during the first three hours after feeding equal parts of moistened crackers and boiled lean beef (dotted line), compared with crackers alone (heavy line), and beef alone (light line).
In (B) the average aggregate length of the food-masses in the small intestine during the first three hours, when equal parts of boiled haddock and mashed potato are fed (dotted line), compared with mashed potato alone (heavy line), and haddock alone (light line). Four cases are represented in each curve. significant in judging the rapidity of discharge from the stomach. In both cases here presented, the amount of the mixed food in the small intestine at the end of a half-hour is nearer the carbohydrate than the proteid figure; indeed, in the case of mixed haddock and potato, there had left the stomach during the first half-hour a little more of the mixed food than of the potato alone. But the above tables and the accompanyin g curves (Fig. 6 ) clearly show that in general when carbohydrates and proteids are mixed in equal parts, the rate of discharge through the pylorus is intermediate; the mixed food does not leave the stomach so slowly as the proteids, nor so rapidly as the carbohydrates.
2, Efict of mixing fat ad pyoteid. -Boiled lean beef and beef suet served for the observations on the effect of mixing fat and proteid.
These substances were mixed in equal amounts, and fed in the manner already described, with the following results : Comparison of these results with the average figures for beef suet and for lean beef (Fig. 7) reveals at once that when the two are mixed in equal parts, the rate of discharge from the stomach is diminished to a degree below that of either the lean beef or the suet fed by itself. In other words, the presence of the fat causes proteid to leave the stomach even more slowly than the proteid by itself would leave. This con-cm elusion was corroborated by feeding had2o dock and mutton fat in equal amounts, in which case at the end of two hours there lo was in the small intestine only two-thirds as much of the mixed food as of the hydrate. -Mashed potato and mutton fat, and moistened crackers and beef suet, mixed in each case in equal parts, were used in studying the effect of combining carbohydrates and fats.
The table on the following page presents the results of these observations.
In both series of observations the passage of the mixed food from the stomach is more rapid at first than the normal rate for the carbohydrate used (see Fig. 8 ). Very soon, however, the fats have a
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Pi% B. Camvo32. retarding effect on the outgo of the carbohydrate from the stomach, so that the curve for the mixed food-stuffs, after the first hour, ceases to rise, and never even approximates the height of the carbohydrate curve.
The failure of the curve for mixed crackers and beef suet to rise might in part be ascribed to the remarkably early discharge of the contents of the small intestine into the colon ; but the curve for mixed potato and mutton fat remains low for more than three hours without that factor becoming operative in more than one case. It is reasonable, therefore, to conclude that the mixture of fat in large amount (50 per cent) with carbohydrate has the same effect, though not to so great a degree, as the mixture of fat with proteid, -namely, the fat causes the outgo of the carbohydrate and proteid from the stomach to be slower than the outgo of either of the two foods fed separately.
EFFECT OF INCREASING
THE AMOUNT OF FOOD.
All the observations detailed thus far have been made in each instance on 25 C.C. of food. It is desirable, especially in the case of carbohydrates and of proteids, to know if the feeding of larger amounts of food will result in curves differing from those secured when smaller amounts are fed. Boiled rice, representing carbohydrates, and lean beef, representing proteids, were fed in twice the amount previously given.
The results are seen in the following In Fig. g are the curves of each of these food-stuffs in the 25 C.C. and in the 50 C.C. amounts. The rapid rate of carbohydrate discharge, and the slow rate of proteid discharge, have both been increased. At the end of an hour over 25 per cent more carbohydrate has left the stomach when the amount fed is 50 C.C. than when the amount fed is 25 cc.
And with the proteid food, when the amount was 50 c. The thyme emerges from the stomach in small amounts. Usually there is an accumulation of these small discharges into a slender mass in the duodenum before the food is further advanced in the intestine. Hut as time goes on, these masses tend to gather into longer cm. masses, so that at the end of three or four hours the food in the coils is often largely collected in a few unbroken strings. This condition occurs earlier with carbohydrate than with proteid food (see Fig. I , A and B). In the small intestine the food is mixed with the intestinal digestive secretions, exposed to the absorbing intestinal wall, and from time to time moved forward into new areas of intestinal activity. The mixing of the food with the secretions, and the exposing of the food for absorption, are functions performed in the rhythmic segmentation of the food by circular constrictions of the gut; the forward movement is the result of ordinary peristalsis; but at any moment most of the food in the intestine lies undisturbed? In studying the passage of the different food-stuffs through the small intestine, therefore, attention must be paid to the process of segmentation and to the rate of passage from the stomach to the large intestine.
Rhythmic segmentation with the different food-stuffs.
-The segmen tation of the food occurs with all three kinds of food-stuffs.
The frequency with which it is seen at the regular times of observation adhered to throughout this research has varied, as shown in the following Comparison of these figures with the average figures for the intestinal content of the different foods at the regular times of observation (see pp. 395, 397, and 3gg) shows that the frequency with which segmentation occurs corresponds roughly to the amount of food present in the intestine.
Thus, when carbohydrates are fed, segmentation is observed frequently, but more frequently during the first hours than later.
Similar comparisons of the fats and proteids show that, as a rule, when much food of any kind is present in the intestine, segmentation is more likely to be seen than when a small amount is present.
The amount of work the musculature of the intestine performs with the different foods is indicated better by the total length of the masses segmented, than by the frequency of the occurrence of that process.
The length of all the segmented masses in the small intestine in the sixteen cases of each food-stuff is as follows: 4x2 WY. B. CaPznoaz.
These figures do not, of course, record the total segmentation taking place during a complete digestive period, but they indicate the amount of activity which may be expected at given intervals during the first seven hours after feeding.
These figures also indicate that the muscular energy expended on carbohydrates in the seven hours far exceeds that expended either on proteids or fats. The longer presence of proteids and fats in the small intestine, because of the slower discharge of these foods from the stomach, would later compensate in part for the relatively small amount of segmentation during the first seven hours; but at the end of seven cm. hours the proteid content of the small intestine is almost the same as the carbohydrate content (compare Figs. 3 and 4) , and so slight is the segmenting activity in the presence of fats that, should their rate continue, -and that seems hardly probable when the dwindling of the segmentation during the last hours is considered, -they must remain in the small intestine for almost nineteen hours to produce an activity equal to that produced by carbohydrates. It appears very likely, therefore, that in the small intestine a much greater amount of muscular activity in the form of rhythmic segmentation is provoked
